Author Team

Greg Dick

Galt Collegiate Institute and Vocational School
Cambridge, Ontario

Dr. Lois Edwards

Professional Writer

Cochrane, Alberta

David Gue

Crescent Heights High School

Medicine Hat, Alberta

Eric Brown

Formerly Assistant Head of Science
Applewood Heights Secondary School
Physics Professor, Seneca College
Mississauga, Ontario

Robert Callcott

Formerly with Sutton District High School
Sutton, Ontario

Contributing Author

Dr. Daniel Hudon

Formerly with the Department of Astronomy
and Astrophysics

University of Toronto

Toronto, Ontario

McGraw-Hill Ryerson

Physics 12

Consultants

John Caranci

Formerly Program Team Leader for
Mathematics and Science

Earl Haig Secondary School
Toronto, Ontario

Dr. Tom McCaul

Formerly with Bayview Secondary School
Richmond Hill, Ontario

Probeware Specialist

John Braun

Formerly with Kingsville High School
Kingsville, Ontario

Technology Consultant

Stephen Masson

R.H. King Academy
Scarborough, Ontario

McGraw-Hill
ﬁ:rlc?w Ryerson

Toronto Montréal New York Burr Ridge Bangkok Beijing Bogoti Caracas Dubuque
Kuala Lumpur Lisbon London Madison Madrid Mexico City Milan New Delhi

San Francisco Santiago  St. Louis

Seoul Singapore Sydney Taipei



COPIES OF THIS BOOK MAY BE
OBTAINED BY CONTACTING:
McGraw-Hill Ryerson Ltd.

E-MAIL:
orders@mcgrawhill.ca

TOLL FREE FAX:
1-800-463-5885

TOLL FREE CALL:
1-800-565-5758

OR BY MAILING YOUR
ORDER TO:
McGraw-Hill Ryerson
Order Department,
300 Water Street,
Whitby ON, L1N 9B6

Please quote the ISBN
and title when placing
your order.

McGraw-Hill Ryerson Limited 2
A Subsidiary of The McGraw-Hill Companies

McGraw-Hill Ryerson Physics 12

Copyright©2002, McGraw-Hill Ryerson Limited, a Subsidiary of The McGraw-Hill
Companies. All rights reserved. No part of this publication may be reproduced or
transmitted in any form or by any means, or stored in a data base or retrieval system,
without the prior written permission of McGraw-Hill Ryerson Limited, or, in the case
of photocopying or other reprographic copying, a licence from CANCOPY (Canadian
Copyright Licensing Agency), One Yonge Street, Suite 1900, Toronto, Ontario, M5E 1E5.

Any request for photocopying, recording, or taping of this publication shall be directed
in writing to CANCOPY.

The information and activities in this textbook have been carefully developed and
reviewed by professionals to ensure safety and accuracy. However, the publishers shall
not be liable for any damages resulting, in whole or in part, from the reader’s use of
the material. Although appropriate safety procedures are discussed in detail and
highlighted throughout the textbook, safety of students remains the responsibility

of the classroom teacher, the principal, and the school board/district.

0-07-088696-2
http://www.mcgrawhill.ca

234567890TRI 098765432
Printed and bound in Canada

Care has been taken to trace ownership of copyright material contained in this text. The
publisher will gladly take any information that will enable it to rectify any reference or
credit in subsequent printings. Please note that products shown in photographs in this
textbook do not reflect an endorsement by the publisher of those specific brand names.

National Library of Canada Cataloguing in Publication Data

Main entry under title:
McGraw-Hill Ryerson physics 12

Includes index.
ISBN 0-07-088696-2

1. Physics. I. Brown, Eric. II. Title. III. Title: Physics 12. IV. Title: Physics twelve.
V. Title: McGraw-Hill Ryerson Physics twelve.

The Physics 12 Team

SCIENCE PUBLISHER: Jane McNulty

PROJECT MANAGER: Trish Brown

SENIOR DEVELOPMENTAL EDITOR: Lois Edwards
DEVELOPMENTAL EDITOR: June Trusty

SENIOR SUPERVISING EDITOR: Linda Allison

PROJECT CO-ORDINATOR: Valerie Janicki

PROJECT ASSISTANTS: Melissa Nippard, Janie Reeson

COPY EDITOR: June Trusty

PERMISSIONS EDITOR: Karen Shore, Pronk&Associates Inc.
SPECIAL FEATURES CO-ORDINATOR: Keith Owen Richards
PRODUCTION CO-ORDINATOR: Jennifer Wilkie

PRODUCTION SUPERVISOR: Yolanda Pigden

DESIGN AND ELECTRONIC PAGE MARK UP: Pronk&Associates Inc.
SET-UP PHOTOGRAPHY: Ian Crysler

SET-UP PHOTOGRAPHY CO-ORDINATOR: Shannon O’Rourke
TECHNICAL ILLUSTRATION: Pronk&Associates Inc., Jun Park,
Theresa Sakno, Jane Whitney

COVER IMAGE: M. Abbey/Photo Researchers Inc.



Acknowledgements

Producing a textbook of high quality is a true team effort, and therefore we have many people to thank — for
their writing skills, their expertise, and their dedication to excellence. First and foremost, the authors and pub-
lisher of this book would like to convey sincere thanks to our consultants John Caranci and Dr. Tom McCaul
who added injections of humour, energy, and enthusiasm as we raced to meet our goals. We also extend special
thanks to the reviewers listed below who provided critical analysis of our draft manuscript. Their assistance
was invaluable in helping us develop a text that addresses the needs of teachers and students across the coun-
try. We also benefitted greatly from the expertise and suggestions provided by our accuracy reviewers, as well as
from the recommendations supplied by our safety reviewer. We thank the following writers who authored the
Special Features in Physics 12: Celeste Peters, Patrick Rengger, Elma Schemenauer, Erik Spiegel, and Michael
Stein. Dr. Daniel Hudon authored the Physics Magazine features and the questions and problems for Physics 12;
his team of graduate students, Craig Burrell, Isamu Matsuyama, Vjera Miovic, Sasa Nedeljkovic, Shakila Satar,
and Diana Valencia ensured that the answers to all of the problems in this book were double-checked. We also
thank a wonderfully co-operative design studio, Pronk&Associates Inc., and its talented staff, who collaborated
with us closely to make this book come to life. We would like to thank John Ruff and his team at Boreal
Laboratories Ltd. for preparing the Materials List in the Physics 12 Teacher’s Resource, listing all materials and
apparatus required for the investigations.
Finally, we acknowledge, with gratitude and respect, Trudy Rising, who initiated McGraw-Hill Ryerson’s
senior science program, and who worked tirelessly in support of the program, its authors, and its development

team.

Pedagogical and
Academic Reviewers

Chyrl Bourassa

Twin Lakes Secondary School
Orillia, Ontario

Cliff Coveyduc

Atlantic Provinces Education
Foundation
Dartmouth, Nova Scotia

David Furlong

York Adult Day School
Toronto, Ontario

Stephen Houlden

Formerly with Toronto District
School Board
Toronto, Ontario

Craig Jackson
Kapuskasing District High
School

Kapuskasing, Ontario

David Knox

Canterbury High School
Ottawa, Ontario

Andrew Kolody

King City Secondary School
King City, Ontario

Daniel Oleskevich

Formerly with University of
Waterloo
Waterloo, Ontario

Dr. Geoff Orton

Milton District High School
Milton, Ontario

David Paddock

Cameron Heights
Collegiate Institute
Kitchener, Ontario

Otto Pike

Formerly with College of the
North Atlantic
St. John’s, Newfoundland

Dr. Dick Poon

William Lyon Mackenzie
Collegiate Institute
Toronto, Ontario

Rob Smythe

Iroquois Ridge High School
Oakville, Ontario

Sarah Zeegen

Formerly with West Humber
Collegiate Institute
Etobicoke, Ontario

Accuracy Reviewers

Dr. Andrew Billyard

Formerly with Queen’s
University
Kingston, Ontario

Dr. Martin Edwards

Formerly with Royal Military
College
Kingston, Ontario

Harvey Weir

Memorial University of
Newfoundland
St. John’s, Newfoundland

Safety Reviewer

Margaret Redway

Fraser Scientific & Business
Services
Delta, British Columbia



Introducing Physies 12 . . .. ...... ... ... ... . . ... X

Physics in the Twenty-FirstCentury .................. Xii-xiv
Investigation
Conclusions Using Indirect Evidence .................. XV

o Forces and Motion: Dynamics

Chapter 1 Fundamentals of Dynamics .................... 4
Multi-Lab: Thinking Physics . ........... ... ... .. ..., 5
1.1 Inertia and Frames of Reference ....................... 6
Investigation 1-A: Measuring Inertial Mass . .. ............ 8
Quick Lab: BendaWall ............................ 10
12 Analyzing Motion . .......... ... ... . ..., 15
Quick Lab: Best Angle for PullingaBlock .............. 22
13 Vertical Motion . ........ .. ... .. ... i 27
Investigation 1-B: Atwood’s Machine .................. 34
Canadians in Physics: Father of the
Canadian Space Program . .............. ... . ....... 44
Quick Lab: Descending Drops . ... ...t 45
14 Motion along an Incline ........... ... ... ... ... ... 46
Quick Lab: The Slippery Slope . .. ................. ... 49
Chapter 1 Review . ...... ... . i 52
Chapter 2 Dynamics in Two Dimensions . . ................ 56
Multi-Lab: Motion in Two Dimensions ................. 57
21 Projectile Motion . .......... ... . . . 58
Investigation 2-A:
The Components of Projectile Motion . ................ 64
Quick Lab: Maximum Range of a Projectile ............. 70
Physics Magazine:
The Big Motion Picture: An IMAX Interview ............ 76
2.2 Uniform Circular Motion ........... ... ... ... ..... 78
Careers in Physics: An Amusing Side of Physics .......... 87
Investigation 2-B:
Verifying the Circular Motion Equation ................ 89
Chapter 2 Review . ...........o ... 96



Chapter 3 Planetary and Satellite Dynamics .............. 100
Quick Lab: Kepler’s Empirical Equations .............. 101
3.1 Newton’s Law of Universal Gravitation ............... 102
Investigation 3-A: Orbital Speed of Planets ............ 109
3.2 Planetary and Satellite Motion . ..................... 115
Physics & Technology: Simulating Microgravity .......... 121
Chapter 3Review ....... ... .. 123
Unit 1 Project: Catapult Machine .................... 126
Unit 1Review ... . i 128

I M .

Chapter 4 Momentum andImpulse . . ...................

Investigation 4-A: Newton’s Cradle . .................. 137

41 Defining Momentum and Impulse ................... 138

Quick Lab: Designing Crumple Zones . . ............... 146

4.2 Conservation of Momentum ........................ 148

Physics & Technology: The Physics of a Car Crash ........ 161

4.3 Elastic and Inelastic Collisions . ..................... 163

Investigation 4-B: Examining Collisions ............... 164

Careers in Physics: The Invisible Universe .............. 177

Chapter 4 Review ....... ... .. 178

Chapter 5 Conservation of Energy . .. ................... 182

Multi-Lab: Energy Transformations in Springs .......... 183

51 Work and the Transformation of Energy ............... 184
Investigation 5-A: Testing the Law of

Conservation of Energy . ........... .. .............. 197

52 Hooke’s Law and Periodic Motion ................... 201

Investigation 5-B: Testing Hooke’s Law . ............... 202

Investigation 5-C: Analyzing Periodic Motion .......... 209
Investigation 5-D: Another Test of the

Law of Conservation of Energy ...................... 211

53 Energy Transformations ................ ... ... ..... 213

Investigation 5-E: Mechanical and Thermal Energy ...... 221

Canadians in Physics: Follow Your Dreams . ............. 222

Chapter 5 Review ... ... 224




vi

Chapter 6 Energy and MotioninSpace . ................. 228
Quick Lab: Escape from a Planetoid .................. 229
6.1 Energy for Lift-Off ........ ... ... . ... ... .. .. ... 230
6.2 Energy of Orbiting Satellites . ....................... 236
Physics Magazine: Go to Mars with Newton .. ........... 248
6.3 Energy and Momentum in Space .................... 250
Quick Lab: The Reaction Engine .. ................... 251
Investigation 6- A: Superball™ Boost . ................ 257
Chapter 6 Review . ........ .. 259
Unit 2 Project: Just a Theory? ....................... 262

Unit 2 Review

Electric, Gravitational,

UNIT e and Magnetic Fields

Chapter 7 Fieldsand Forces . . .. ....................... 272
Quick Lab: A Torsion Balance . . ..................... 273
71 Laws of Force ....... ... .. . i 274
Investigation 7-A: The Nature of the
Electrostatic Force . ... ...... ..o i i 276
Quick Lab: Graphical Analysis of Coulomb’s Law ....... 280
72 Describing Fields .......... .. ... ... ... ... ... ... 285
Canadians in Physics: Gravity: A Matter of Time ......... 292
1.3 Fields and Potential Energy ........................ 304
Careers in Physics: Seeing Inside Storms . .............. 308
Chapter 7 Review . ....... .. 318
Chapter 8 Fields and Their Applications ................. 322
Multi-Lab: Electric Fields ............ ... ... ... . ... 323
81 Field Structure ......... ... ... ... . 324
Quick Lab: Charge ATTays ... ... 325
Quick Lab: Quantum Pennies ....................... 334
Investigation 8-A: Millikan’s
Oil-Drop Experiment . . . ..., 339
82 Conductors and Fields ............. ... .. ... ... 341
Quick Lab: Faraday Cage . . . .......ovvviienn... 344
Physics Magazine: Levitation: How Does It Work? ........ 346



8.3 Applications of Magnetic and Electric Fields ........... 348
Investigation 8-B: Measuring a
Magnetic Field ........ ... .. .. . . 360
Chapter 8 ReVIeW . ...ttt 366
Unit 3 Issue Analysis: Costs and Benefits of
Physics Research .. ...... ... .. ... .. ... ... ... . ... 370
Unit3Review . ...... .. . . 372
UNIT o The Wave Nature of Light 378
Chapter 9 Wave Properties of Light .................... 380
Investigation 9-A: Properties of Waves ................ 381
9.1 Two Models for Light ............ ... ... ... ... ... 382
Canadians in Physics: The Light Fantastic .............. 388
9.2 Interference and the Wave Model for Light . ............ 389
Investigation 9-B: Diffraction of Sound ................ 390
Investigation 9-C: Young’s Double-Slit Experiment . ... ... 397
9.3 Examples and Applications of Interference Effects . ... ... 404
Physics Magazine: New Views of Earth’s Surface ......... 414
Chapter 9 Review ...... ... ... i 416
Chapter 10 ElectromagneticWaves .. ................... 420
Multi-Lab: Properties of Electromagnetic Waves . ........ 421
10.1 The Nature of Electromagnetic Waves ................ 422
Quick Lab: Producing Electromagnetic Waves .......... 429
Quick Lab: Calcite Crystals . .......... ... ... . ....... 431
Quick Lab: Polarization . . .. ............ ... .... 433

vii



10.2 The Electromagnetic Spectrum ... ................... 438
Chapter 10 Review . ...... ... 451
Unit 4 Project: Constructing Your Own
FM Transmitter ............ ... . ... ... ... 454
Unit4 Review ....... .. i 456

O M

Chapter 11 Special Theory of Relativity .................

Quick Lab: Generating Electromagnetic Fields .......... 465
11.1 Troubles with the Speed of Light .................... 466
11.2 The Basics of the Special Theory of Relativity .......... 473
Careers in Physics: Not Even the Sky’s the Limit! ... ...... 485
M3 Massand Energy . ..........o i 486
Chapter 11 Review . ........ i, 493
Chapter 12 Quantum Mechanics and the Atom ........... 496
Investigation 12-A: Discharging an Electroscope ........ 497
121 The Particle Nature of Light ........................ 498
12.2 Light Particles and Matter Waves .................... 510
Canadians in Physics: U of T Graduate Students
Make History . ... ..o 517
123 The Bohr Atom and Beyond ........................ 519
Quick Lab: Estimating the Size of the Nucleus .......... 522
Investigation 12-B: Identifying Elements by
Their Emission Spectra . ........... .. ... . ... 537
Physics & Technology: Atoms and Lasers ............... 538
Chapter 12 Review .. ...t 540
Chapter 13 The Nucleus and Elementary Particles ......... 544
Multi-Lab: Radioactive Decay . ...................... 545
13.1 Structure of the Nucleus .. ......... ... ... ... . ... 546
Physics Magazine: Not Your Average Observatory ........ 554
13.2 Radioactivity and Nuclear Reactions . ................. 556
Investigation 13-A: Half-Life of a
Radioactive Isotope ... ...... ... i 572

viii



133 Elementary Particles . ........... ... ... .. ... . ... 576
Investigation 13-B: The Wilson Cloud Chamber ......... 578
Canadians in Physics: “Not the Brightest Student” ........ 583
Investigation 13-C: Measuring the
Mass-to-Charge Ratio for Electrons . .................. 584

Chapter 13 Review . ..... ... 586
Unit 5 Project: Decades of Triumph and Turmoil ........ 590

Units5Review . ... . 592

Course Challenge: Scanning Technologies —

Today and Tomorrow ... .......................... 598
Skill Set 1 Precision, Error, and Accuracy .............. 606
Skill Set 2 Rounding, Scientific Notation, and

Significant Digits . . ............ ... ... ... 608
Skill Set 3  Drawing and Interpreting Graphs ............ 611
Skill Set 4 Mathematical Modelling and

Curve Straightening . . ..................... 614
Skill Set5 A Math Toolbox ......................... 618
Appendix A The Metric System:

Fundamental and Derived Units ............. 622
Appendix B Physical Constants and Data . ............... 623
Appendix C Mathematical Equations ................... 624
Appendix D Achieving in Physics . ..................... 630
Appendix E Safety Symbols ........... ... ... ... . ... 631
Answers to Numerical Problems:
Practice Problems, Chapter and Unit Review Problems . . . .. 632
GloSSary . ... e 639
Index . ... .. e e 646
Credits ........ ... . i i e 655




